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fishes, previous to his official communication, a brief abstract of 
the results at which he has arrived. The discussion, he tells 
us, was beset with difficulties, the most troublesome being the 
parallactic motion of the stars arising from the solar motion. 
Another difficulty was the fact that the proper motions of the 
stars did not follow the normal or exponential law of error on 
which the method of least squares and the practice of taking 
them are based. Prof. Newcomb divided the work into four 
parts, employing what he calls the statistical method, the method 
of individual stars, the method of zones and regions, and a 
method of which the parallactic motion is eliminated. The 
results may be briefly summed up in the following table. 
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DIAMONDS A 

T seems but the other day I saw London in a blaze of illu¬ 
mination to celebrate Her Majesty’s happy accession to 
the throne. As in a few days the whole empire will be cele¬ 
brating the Diamond Jubilee of our Queen, who will then have 
reigned over her multitudinous subjects for sixty years, what 
more suitable topic can I bring before you than that of 
■diamonds! One often hears the question asked: “Why 
Diamond Jubilee? ” I suppose it is a symbol intended to give 
a faint notion of the pure brilliancy and durability of the Queen’s 
reign ; and in thus associating Her Majesty with the precious 
diamond, to convey an idea of those noble qualities, public 
and private, which have earned for her the love, fealty, and 
reverence of her subjects. 

From the earliest times the diamond has occupied men’s 
minds. It has been a perennial puzzle—one of the riddles of 
creation. The philosopher Steffans is accredited with the 
dictum that, “ Diamond is quartz which has arrived at self- 
consciousness 1 ” and an eminent geologist has parodied this 
metaphysical definition, saying, “Quartz is diamond which has 
become insane ! ” 

Prof. Maskelyne, in a lecture “ On Diamonds,” thirty-seven 
years ago, in this very theatre, said : “ The diamond is a 
substance which transcends all others in certain properties to 
which it is indebted for its usefulness in the arts and its beauty 
as an ornament. Thus, on the one hand, it is the hardest sub¬ 
stance found in nature or fashioned by art. Its reflecting 
power and refractive energy, on the other hand, exceed those of 
all other colourless bodies, while it yields to none in the per¬ 
fection of its pellucidity” ; but he was constrained to add, “ The 
formation of the diamond is an unsolved problem.” 

Recently the subject has attracted many men of science. The 
development of electricity, with the introduction of the electric 
furnace, has facilitated research, and I think I am justified in 
saying that if the diamond problem is not actually solved, it is 
certainly no longer insoluble. 

Graphite. 

Intermediate between soft carbon and diamond come the 
graphites. The name graphite is given to a variety of carbon, 
generally crystalline, which in an oxidising mixture of chlorate 
of potassium and nitric acid forms graphitic acid easy to recog¬ 
nise. Graphites are of varying densities, from 2*0 to 3 o, and 
generally of crystalline aspect. Graphite and diamond pass in¬ 
sensibly into one another. Hard graphite and soft diamond are 
near the same specific gravity. The difference appears to be 
•one of pressure at the time of formation. 

Some forms of graphite exhibit a remarkable property, by 
which it is possible to ascertain approximately the temperature 
at which graphites were formed, or to which they have subse¬ 
quently been exposed. Graphites are divided into “ sprouting ” 
and “non-sprouting.” When obtained by simple elevation of 
temperature in the arc or the electric furnace they do not 
sprout; but when'they are formed by dissolving carbon in a 
metal at a high temperature, and then allowing the graphite to 
separate out on cooling, the sprouting variety is formed. One 

1 A lecture delivered at the Royal Institution, June ir, by William 
Crookes, F.R.S. 
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of the best varieties is that which can be separated from plati¬ 
num in ebullition in a carbon crucible. The phenomenon of 
sprouting is easily shown. Place a few grains in a test-tube and 
heat it to about 170° C., when it increases enormously in bulk 
and fills the tube with a light form of amorphous carbon. 

The resistance of graphite to oxidising agents is greater the 
higher the temperature to which it has previously been exposed, 
Graphites, which are easily attacked by a mixture of fuming 
nitric acid and potassium chlorate, are rendered more resistant 
by strong heat in the electric furnace. 

I will now briefly survey the chief chemical and physical 
characteristics of the diamond, showing you by the way a few 
experiments that bear upon the subject. 

Combustion of the Diamond. 

When heated in air or oxygen to a temperature varying from 
760° to 875° C., according to its hardness, the diamond burns 
with production of carbonic acid. It leaves an extremely light 
ash, sometimes retaining the shape of the crystal, consisting of 
iron, lime, magnesia, silica, and titanium. In boart and car¬ 
bonado the amount of ash sometimes rises to 4 per cent., but in 
clear crystallised diamonds it is seldom higher than 0*05 per 
cent. By far the largest constituent of the ash is iron. 

The following table shows the temperatures of combustion 
in oxygen of different kinds of carbon :— 


Condensed vapour of carbon ... ... ... 650 

Carbon from sugar, heated in an electrical 
furnace ... ... ... ... ... ... 660 

Artificial graphites, generally ... ... ... 660 

Graphite from ordinary cast-iron ... ... ... 670 

Carbon from blue ground, of an ochrey colour ... 690 

,, ,, ,, very hard and black .. 7 10 

Diamond, soft Brazilian ... ... ... ... 760 

,, hard Kimberley ... ... 780 

Boart from Brazil ... ... ... ... ... 79 ° 

,, from Kimberley ... ... ... ... 79 ° 

,, very hard, impossible to cut . 900 


At the risk of repeating an experiment shown so well at 
this table by Prof. Dewar, I will heat a diamond to a high 
temperature in the oxyhydrogen blowpipe and then suddenly 
throw it in a vessel of liquid oxygen. Notice the brilliant 
light of its combustion. I want you more especially to ob¬ 
serve the white opaque deposit forming in the liquid oxygen. 
This deposit is solid carbonic acid produced by the combus¬ 
tion of the carbon. I will lead it through baryta water, and 
you will see a white precipitate of barium carbonate. With 
a little more care than is possible in a lecture I could per¬ 
form this experiment quantitatively, leading the carbonic acid 
and oxygen, as they assume the gaseous state, through baryta 
water, weighing the carbonate so formed, and showing that 
one gramme of diamond would yield 3'666 grammes of car¬ 
bonic acid—the theoretical proportion for pure carbon. 

Some crystals of diamonds have their surfaces beautifully 
marked with equilateral triangles, interlaced and of varying 
sizes. Under the microscope these markings appear as shal¬ 
low depressions sharply cut out of the surrounding surface, 
and these depressions were supposed by Gustav Rose to in¬ 
dicate the probability that the diamonds at some previous 
time had been exposed to incipient combustion. Rose also 
noted that striations appeared on the surfaces of diamonds 
burnt before the blowpipe. This experiment I have repeated 
on a clear smooth diamond, and have satisfied myself that 
during combustion in the field of a microscope, before the 
blowpipe, the surface becomes etched with markings very 
different in character from those naturally inscribed on crystals. 
The artificial striae are cubical and closer massed, looking as 
if the diamond during combustion had been dissected into 
rectangular flakes, while the markings natural to crystals 
appear as if produced by the crystallising force as they were 
being built up. 

I exhibit on a diagram a form of graphite from the Kimberley 
blue ground (reproduced from M. Moissan’s work), which in 
its flaky crystalline appearance strangely resembles the surface 
of a diamond whose internal structure has been partially dis¬ 
sected and bared by combustion. It looks as if this piece of 
graphite was ready to separate out of its solvent as diamond, 
but owing to some insufficient factor it retained its graphitic 
form. 
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Physics of the Diamond. 


The specific gravity of the diamond is from 3 ’ 5 I 4 to 3'5i8. 
For comparison, I give in tabular form the specific gravities 
of the different varieties of carbon 


Amorphous carbon 

Graphite 

Hard gas coke 

Boart ... 

Carbonado 

Diamond 


... 1 -45 to 1*70 

... 211 ,, 3*o 

... 2*356 
- 3‘47 ,, 3‘49 

... 3 ' 5 ° 

■■■ 3 * 5 1 4 » 3 ' 5 lS 



Fig. 1.—Triangular markings on natural face of a diamond. 


The following table gives the specific gravities of the 
minerals found on the sorting tables. I have also included 
the specific gravities of two useful liquids :— 

Specific gravity. 


Hard graphite ... ... ... ... 2 5 

Quartzite and granite ... ... ... 2*6 

Beryl ... ... ... ... ... 2*7 

Mica ... ... .. ... ... 2*8 

Hornblende ... .. ... ... 3*o 

Methylene Iodide. 3*3 

Diamond... ... ... ... 3*5 

Thallium Lead Acetate . 3*6 

Garnet ... ... .. ... ... 3*7 

Corundum ... ... ... ... 3*9 

Zircon ... ... .. ... ... 4*4 

Barytes ... ... ... ... ... 4'5 

Chrome and titanic iron ore ... ... 4*7 

Magnetite... ... ... ... ... 5*0 



Fig. 2.—Artificial markings on face of a diamond, produced 
by partial combustion. 


This table shows that if I throw the whole mixture of 
minerals into methylene iodide, the hornblende and all above 
that mineral will rise to the surface ; while the diamond and all 
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minerals below will sink to the bottom. If I now take thesfc 
heavy minerals, and throw them into thallium lead acetate, they 
will all sink, except the diamond, which floats and can be 
skimmed off. 

The diamond belongs to the isometric system of crystallo¬ 
graphy. It frequently occurs with curved faces and edges. 
Twin crystals (macles) are not uncommon. Having no double 
refraction it should not act on polarised light. But, as is well 
known, if a transparent body which does not so act is submitted 
to strain of an irregular character it becomes doubly refracting, 
and in the polariscope reveals the existence of the strain by 
brilliant colours arranged in a more or less defined pattern, 
according to the state of tension in which the crystal exists. 
Under polarised light I have examined many hundred diamond 



Fig. 3.—Natural crystals of diamond. 

crystals, and with few exceptions all show the presence of 
internal tension. On rotating the polariser, the black cross, 
which is most frequently seen, revolves round a particular point 
in the inside of the crystal, and on examining this point with a 
high power, we see sometimes a slight flaw, more rarely a 
minute cavity. The cavity is filled with gas at an enormous 
pressure, and the strain is set up in the stone by the effort of the 
gas to escape. 

It is not uncommon for a diamond to explode soon after it 
reaches the surface, and some have been known to burst in the 
pockets of the miners or when held in the warm hand. Large 
crystals are more liable to burst than smaller pieces. Valuable 
stones have been destroyed in this way, and it is whispered that 
cunning dealers are not averse to allowing responsible clients to 
handle or carry in their warm pockets large crystals fresh from 
the mine. By way of safeguard against explosion, some dealers 
embed large diamonds in raw potato to ensure safe transit to 
England. 

In the substance of many diamonds we find enclosed black 
uncrystallised particles of graphite. There also occur what 
may be considered intermediate forms between the well- 
cr)stallised diamond and graphite. These are “boart 55 and 
“carbonado.” Boart is an imperfectly crystallised diamond, 
having no clear portions ; therefore it is useless for gems. Boart 



Fig. 4.—Natural crystals of diamond. 


is frequently found in spherical globules, and may be of all 
colours. It is so hard that it is used in rock-drilling, and when 
crushed it is employed for cutting and polishing other stones. 
Carbonado is the Brazilian term for a still less perfectly 
crystallised form of carbon. It is equally hard, and occurs in 
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porous masses, and in massive black pebbles, sometimes weigh* 
ing a couple or more ounces. 

Diamonds vary considerably in hardness, and even different 
parts of the same crystal are decidedly different in their resist¬ 
ance to cutting and grinding. The famous Koh-i-noor, when 
cut into its present form, showed a notable variation in hardness. 
In cutting one of the facets near a yellow flaw, the crystal 
became harder and harder the further it was cut into, until, 
after working the mill for six hours at the usual speed of 2400 
revolutions a minute, little impression was made. The speed 
was accordingly increased to more than 3000, when the work 
slowly proceeded. Other portions of the stone were found to 
be comparatively soft, and became harder as the outside was 
cut away. 

Beautifully white diamonds have been found at Inverel, New 
South Wales, and from the rich yield of the mine and the white 
colour of the stones, great things were expected. A parcel 
of many hundred carats came to England, when it was found 
they were so hard as to be practically unworkable as gems, 
and I believe they were ultimately sold for rock-boring 
purposes. 

I will illustrate the intense hardness of the diamond by an 
experiment. I place a diamond on the flattened apex of a 
conical block of steel, and on the diamond I bring down a 
second cone of steel. With the electric lantern I will project 
an image of the diamond and steel faces on the screen, and 
force them together by hydraulic power. Unless I happen to 
have selected a diamond with a flaw, I shall squeeze the stone 
right into the steel blocks without injuring it in the slightest 
degree. 

But it is not the hardness of the diamond so much as its 
optical qualities that make it so highly prized. It is one of the 
most refracting substances in nature, and it also has the highest 
reflecting properties. In the cutting of diamonds advantage is 
taken of these qualities. When cut as a brilliant the facets on 
the lower side are inclined so that light falls on them at an 
angle of 24 0 13', at which angle all the incident light is totally 
reflected. A well-cut diamond should appear opaque by trans¬ 
mitted light, except at a small spot in the middle where the 
table and culet are opposite. All the light falling on the front 
of the stone is reflected from the facets, and the light passing 
into the diamond is reflected from the interior surfaces and 
refracted into colours when it passes out into the air, giving rise 
to the lightnings and coruscations for which the diamond is 
supreme above all other gems. 

The following table gives the refractive indices of diamonds 
and other bodies :— 


Refractive Indices for the 

D Line. 

Chromate of lead 

2-50-2*97 

Diamond ... 

2-47-275 

Phosphorus 

2*22 

Sulphur ... 

2 1 12 

Ruby 

178 

Thallium glass 

175 

Iceland spar 

1*65 

Topaz 

i '6i 

Beryl 

1 60 

Emerald ... 

1 *59 

Flint glass 

1*58 

Quartz 

1 '55 

Canada balsam ... 

1*53 

Crown glass 

i‘S 3 

Fluor-spar 

1 '44 

Ice 

1-31 


According to Dr. Gladstone, the specific refractive energy, 
be for the D line 0-404, and the refraction equivalent, 

P t.zj, will be 4-82. 

After exposure for some time to the sun many diamonds glow 
in a dark room. Some diamonds are fluorescent, appearing 
milky in sunlight. In a vacuum, exposed to a high-tension 
current of electricity, diamonds phosphoresce of different 
colours, most South African diamonds shining with a bluish 
light. Diamonds from other localities emit bright blue, apricot, 
pale blue, red, yellowish green, orange, and pale green light. 
The most phosphorescent diamonds are those which are 
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fluorescent in the sun. One beautiful green diamond in my 
collection, when phosphorescing in a good vacuum, gives almost 
as much light as a candle, and you can easily read by its rays. 
The light is pale green, tending to white. 

Conversion of Diamond into Graphite. 

I will now draw your attention to a strange property of the 
diamond, which at first sight might seem to argue against the 
great permanence and unalterability of this stone. It has been 
ascertained that the cause of phosphorescence is in some way con¬ 
nected with the hammering of the gaseous molecules, violently 
driven from the negative pole, on to the surface of the body 
under examination ; and so great is the energy of the bombard¬ 
ment, that impinging on a piece of platinum, or even iridium, 
the metal will actually melt. When the diamond is thus bom¬ 
barded in a radiant matter tube the result is startling. It not 
only phosphoresces, but assumes a brown colour, and when the 
action is long continued becomes almost black. 

I will project a diamond on the screen and bombard it with 
radiant matter before your eyes. Some diamonds visibly darken 
in a few minutes, while others, more leisurely in their ways, 
require an hour. 

This blackening is only superficial, but no ordinary means of 
cleaning will remove the discolouration. Ordinary oxidising 
reagents have little or no effect in restoring the colour. The 
black stain on the diamond is due to a form of graphite which 
is very resistant to oxidation. It is not necessary to expose the 
diamond in a vacuum to electrical excitement in order to pro¬ 
duce a change. 

I have already signified that there are various degrees of 
refractoriness to chemical reagents among the different forms of 
graphite. Some dissolve in strong nitric acid ; other forms of 
graphite require a mixture of highly concentrated nitric acid 
and potassium chlorate to attack them, and even with this in¬ 
tensely powerful agent some graphites resist longer than others. 
M. Moissan has shown that the power of resistance to nitric 
acid and potassium chlorate is in proportion to the temperature 
at which the graphite was formed, and with tolerable certainty 
we can estimate this temperature by the resistance of the speci¬ 
men of graphite to this reagent. 

The superficial dark coating on a diamond after exposure to 
molecular bombardment I have proved to be graphite (Chemical 
News , vol. Ixxiv., p. 39, July 1896), and M. Moissan (Comptes 
rendus , cxxiv. p. 653) has shown that this graphite, on account 
of its great resistance to oxidising reagents, cannot have been 
formed at a lower temperature than 3600° C. 

It is therefore manifest that the bombarding molecules, carry¬ 
ing with them an electric charge, and striking the diamond with 
enormous velocity, raise the superficial layer to the temperature 
of the electric arc, and turn it into graphite, whilst the mass of 
diamond and its conductivity to heat are sufficient to keep down 
the general temperature to such a point that the tube appears 
scarcely more than warm to the touch. 

A similar action occurs with silver, the superficial layers of 
which can be raised to a red heat without the whole mass be¬ 
coming more than warm ( Proc. Roy. Soc., vol. 1 . p. 99, June 
1891). 

This conversion of diamond into graphite is, I believe, a pure 
effect of heat. In 1880 {Proceedings of the Royal Institution) 
Friday Evening Meeting, January 16, 1880) Prof. Dewar, in 
this theatre, placed a crystal of diamond in a carbon tube, 
through which a current of hydrogen was maintained. The 
tube was heated from the outside by an electric arc, and in a few 
minutes the diamond was converted into graphite. I will now 
show you that a clear crystal of diamond, heated in the electric 
arc (temperature 3600° C.) is converted into graphite, and this 
graphite is most refractory. 

The diamond is remarkable in another respect. It is ex¬ 
tremely transparent to the Rontgen rays, whereas highly 
refracting glass, used in imitation diamonds, is almost perfectly 
opaque to the rays. I exposed over a photographic plate to the 
X-rays for a few seconds the large Delhi diamond, of a fine pink 
colour, weighing 31^ carats, a black diamond weighing 23 carats, 
together with an imitation in glass of the pink diamond lent me 
by Mr. Streeter; also a flat triangular crystal of diamond of 
pure water, and a piece of glass of the same shape and size. On 
development, the impression where the diamond obscured the 
rays was found to be strong, showing that most rays passed 
through, while the glass was practically opaque. By this means 
imitation diamonds and some other false gems can readily be 
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detected and distinguished from the true gems. It would take 
a good observer to distinguish my pure triangular diamond from 
the adjacent glass imitation. 

Genesis of the Diamond. 

Speculations as to the probable origin of the diamond have 
been greatly forwarded by patient research, and particularly by 
improved means of obtaining high temperatures. Thanks to the 
success of Prof. Moissan, whose name will always be associated 
with the artificial production of diamonds, we are able to-day to 
manufacture diamonds in our laboratories—minutely microscopic, 
it is true—all the same veritable diamonds, with crystalline form 
and appearance, colour, hardness, and action on light the same 
as the natural gem. 

Until recent years carbon was considered absolutely non¬ 
volatile and infusible ; but the enormous temperatures at the 
disposal of experimentalists—by the introduction of electricity— 
show that, instead of breaking rules, carbon obeys the same laws 
that govern other bodies. It volatilises at the ordinary pressure 
at a temperature of about 3600° C., and passes from the solid to 
the gaseous state without liquefying. It has been found that 
other bodies which volatilise without liquefying at the ordinary 
pressure will easily liquefy if pressure is added to temperature. 
Thus, arsenic liquefies under the action of heat if the pressure is 
increased ; it naturally follows that if along with the requisite 
temperature sufficient pressure is applied, liquefaction of carbon 
will be likely to take place, when on cooling it will crystallise. 
But carbon at high temperatures is a most energetic chemical 
agent, and if it can get hold of oxygen from the atmosphere or 
any compound containing it, it will oxidise and fly off in the 
form of carbonic acid. Heat and pressure, therefore, are of no 
avail unless the carbon can be kept inert. 

It has long been known that iron when melted dissolves car¬ 
bon, and on cooling liberates it in the form of graphite. Moissan 
discovered that several other metals have similar properties, 
especially silver ; but iron is the best solvent for carbon. The 
quantity of carbon entering into solution increases with the 
temperature, and on cooling in ordinary circumstances it is 
largely deposited as crystalline graphite. 

Prof. Dewar has made a calculation as to the critical pressure 
of carbon—that is, the lowest pressure at which carbon can be 
got to assume the liquid state at its critical temperature, that is 
the highest temperature at which liquefaction is possible. He 
starts from the vaporising or boiling point of carbon, which, 
from the experiments of Violle and others on the electric arc, is 
about 3600° C., or 3874° Absolute. The critical point of a 
substance on the average is i'5 times its absolute boiling point. 
Therefore the critical point of carbon is 5811° Ab., or, say, 
5800° Ab. But the absolute critical temperature divided by the 
critical pressure is for elements never less than 2‘5. Then— 

58oc>_ A. = or p£ r „ 58 0° or 2320 atmospheres. 

PCr 2*5 

The result is that the critical pressure of carbon is about 2300 
atmospheres, or, say, 15 tons on the square inch. The highest 
critical pressure recorded is that of water, amounting to 195 
atmospheres, and the lowest that of hydrogen, about 20 atmo¬ 
spheres. In other words, the critical pressure of water is ten 
times that of hydrogen., and the critical pressure of carbon is ten 
times that of water. 

Now, 15 tons on the square inch is not a difficult pressure to 
obtain in a closed vessel. In their researches on the gases from 
fired gunpowder and cordite, Sir Frederick Abel and Sir Andrew 
Noble obtained in closed steel cylinders, pressures as great as 
95 tons to the square inch, and temperatures as high as 4000° C. 
Here, then, if the observations are correct, we have sufficient 
temperature and enough pressure to liquefy carbon ; and if the 
temperature could only be allowed to act for a sufficient time on 
the carbon, there is little doubt that the artificial formation of 
diamonds would soon pass from the microscopic stage to a scale 
more likely to satisfy the requirements of science, industry, and 
personal decoration. 

Artificial Manufacture of the Diamond. 

I will now proceed to manufacture a diamond before your 
eyes—don’t think I yet have a talisman that will make me rich 
beyond the dreams of avarice.! Hitherto the results have been 
very microscopic, and are chiefly of scientific interest in showing 
us nature’s workshop, and how we may ultimately hope to vie 
with her in the manufacture of diamonds. Unfortunately, the 

NO. 1449, VOL. 56 ] 


operations of separating the diamond from the iron and other 
bodies with which it is associated are somewhat prolonged— 
nearly a fortnight being required to detach it from the iron, 
graphite, and other matters in which it is embedded. I can, 
however, show the different stages of the operations, and project 
on the screen diamonds made in this manner. 

In Paris, recently, I saw the operation carried out by M. 
Moissan, the discoverer of this method of making carbon 
separate out in the transparent crystalline form, and I can show 
you the operations straight, as it were, from the inventor’s 
laboratory. I am also indebted to the Directors of the Notting 
Hill Electric Lighting Co. and to the General Manager, Mr. 
Schultz, for enabling me to perform several operations at their 
central station, where currents of 500 amperes and 100 volts 
were placed at my disposal. 

The first necessity is to select pure iron—free from, sulphur, 
silicon, phosphorus, &c.—and to pack it in a carbon crucible 
with pure charcoal from sugar. Half a pound of this iron is 
then put into the body of the electric furnace, and a powerful 
arc formed close above it between carbon poles, utilising a 
current of 800 amperes at 40 volts pressure. The iron rapidly 
melts and saturates itself with carbon. After a few minutes* 
heating to a temperature above 4000° C.—a temperature at 
which the lime of the furnace melts like wax and volatilises in 
clouds—the current is stopped, and the dazzling fiery crucible 
is plunged beneath the surface of cold water, where it is held 
till it sinks below a red heat. As is well known, iron increases 
in volume at the moment of passing from the liquid to the 
solid state. The sudden cooling solidifies the outer layer of 
iron, and holds the inner molten mass in a tight grip. The 
expansion of the inner liquid on solidifying produces an enor¬ 
mous pressure, and under the stress of this pressure the dis¬ 
solved carbon separates out in a transparent, dense, crystalline 
form—in fact, as diamond. 

Now commences the tedious part of the process. The 
metallic ingot is attacked with hot nitro-hydrochloric acid until 
no more iron is dissolved. The bulky residue, consisting 
chiefly of graphite, together with translucent flakes of a chest¬ 
nut-coloured carbon, black opaque carbon of a density of from 
3*0 to 3*5, and hard as diamonds—black diamonds or carbonado, 
in fact, and a small portion of transparent colourless diamonds 
showing crystalline structure. Besides these, there may be 
carbide of silicon and corundum, arising from impurities in the 
materials employed. 

The residue is first heated for some hours with strong sul¬ 
phuric acid at the boiling point, with the cautious addition of 
powdered nitre. It is then well washed and allowed for two 
days to soak in strong hydrofluoric acid in the cold, then jn 
boiling acid. After this treatment the soft graphite will dis¬ 
appear, and most, if not all, of the silicon compounds will be 
destroyed. Hot sulphuric acid is again applied to destroy the 
fluorides, and the residue, well washed, is repeatedly attacked 
with a mixture of the strongest nitric acid and powdered 
potassium chlorate, kept warm, but to avoid explosions not 
above 6 o° C. This ceremony must be repeated six or eight 
times, when all the hard graphite will gradually be dissolved, 
and little else left but graphitic oxide, diamond, and the harder 
carbonado and boart. The residue is fused tor an hour in 
fluorhydrate of fluoride of potassium, then boiled out in water, 
and again heated in sulphuric acid. The well-washed grains 
which resist this energetic treatment are dried, carefully de¬ 
posited on a slide, and examined under the microscope. 
Along with numerous pieces of black diamond are seen trans¬ 
parent colourless pieces, some amorphous, others with a crystal¬ 
line appearance, as I have attempted to reproduce in diagrams. 
Although many fragments of crystals occur, it is remarkable 
that I have never seen a complete crystal. All appear broken 
up, as if on being liberated from the intense pressure under 
which they were formed they burst asunder. I have direct 
evidence of this phenomenon. A very fine piece of artificial 
diamond, carefully mounted by me on a microscopic slide, 
exploded during the night, and covered my slide with fragments. 
This bursting paroxysm is not unknown at the Kimberley 
mines. 

On the screen I will project fragments of artificial diamond, 
some lent me by Prof. Roberts-Austen, others of my own 
make; while on the wall you will see drawings of diamonds 
copied from M. Moissan’s book on the electric furnace. Un¬ 
fortunately these specimens are all microscopic. The largest 
artificial diamond, so far, is less than one millimetre across. 
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Laboratory diamonds burn in the air before the blowpipe to 
carbonic acid ; and in lustre, crystalline form, optical proper¬ 
ties, density, and hardness they are identical with the natural 
stone. 

Many circumstances point to the conclusion that the diamond 
of the chemist and the diamond of the mine are strangely akin 
as to origin. It is conclusively proved that the diamond has 
not been formed in siiu in the blue ground. The diamond 
genesis must have taken place at great depths under enormous 
pressure. The explosion of large diamonds on coming to the 
surface shows extreme tension. More diamonds are found in 
fragments and splinters than in perfect crystals ; and it is note¬ 
worthy that although many of these splinters and fragments are 
derived from the breaking up of a large crystal, yet in no instance 
have pieces been found which could be fitted together. Does 
not this fact point to the conclusion that the blue ground is not 
their true matrix ? Nature does not make fragments of crystals. 
As the edges of the crystals are still sharp and unabraded the 
loctts of formation cannot have been very distant from the 



Fig, 5.—Diamond artificially crystallised from molten iron. 

present sites. There were probably many sites of crystallisa¬ 
tion differing in place and time, or we should not see such dis¬ 
tinctive characters in the gems from different mines, nor indeed 
in the diamonds from different parts of the same mine. 

The Mechanism of the Diamantiferous Pipes. 
How the great diamond pipes originally came into existence 
is not difficult to understand in the light of the foregoing facts. 
They certainly were not burst through in the ordinary manner 
of volcanic eruption ; the surrounding and enclosing walls show 


no signs of igneous action, and are not shattered nor broken 
even when touching the “blue ground.” These pipes after 
they were pierced were filled from below', and the diamonds 
formed at some previous epoch too remote to imagine were 
erupted with a mud volcano, together with all kinds of debris 
eroded from the adjacent rocks. The direction of flow is seen 
in the upturned edges of some of the strata of shale in the walls, 
although I was unable at great depths to see any upturning in 
most parts of the walls of the De Beers mine. 

Let me again refer you to the section through the Kimberley 
mine. There are many such pipes in the immediate neighbour¬ 
hood. It may be that each volcanic pipe is the vent for its own 
special laboratory—a laboratory buried at vastly greater depths 
than we have reached or are likely to reach—where the tem¬ 
perature is comparable with that of the electric furnace, where 
the pressure is fiercer than in our puny laboratories and the 
melting-point higher, where no oxygen is present, and where 
masses of carbon-saturated iron have taken centuries, perhaps 
thousands of years, to cool to the solidifying point. Such being 
the conditions, the wonder is, not that diamonds are found as 
big as one’s fist, but that they are not found as big as one’s head. 
The chemist arduously manufactures infinitesimal diamonds, 
valueless as ornamental gems ; but nature, with unlimited tem¬ 
perature, inconceivable pressure, and gigantic material, to say 
nothing of measureless time, produces without stint the dazzling, 
radiant, beautiful crystals I am enabled to show you to-night. 

The ferric origin of the diamond is corroborated in many 
ways. The country round Kimberley is remarkable for its 
ferruginous character, and iron-saturated soil is popularly 
regarded as one of the indications of the near presence of 
diamonds. Certain artificial diamonds present the appearance 
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of an elongated drop. From Kimberley I have with me 
diamonds which have exactly the appearance of drops of liquid 
separated in a pasty condition and crystallised on cooling. At 
Kimberley, and in other parts of the world, diamonds have been 
found with little appearance of crystallisation, but with rounded 
forms similar to those which a liquid might assume if kept in 
the midst of another liquid with which it would not mix. 
Other drops of liquid carbon retained above their melting-point 
for sufficient time would coalesce with adjacent drops, and on 
slow cooling would separate in the form of large perfect crystals. 
Two drops, joining after incipient crystallisation, would assume 
the not uncommon form of interpenetrating twin crystals. 
Illustrations of these forms from Kimberley are here to-night. 
Other modified circumstances would produce diamonds pre¬ 
senting a confused mass of boarty crystals, rounded and 
amorphous masses, or a hard black form of carbonado. 

Again, diamond crystals are almost invariably perfect on all 
sides. They show no irregular side or face by which they were 
attached to a support, as do artificial crystals of chemical salts ; 
another proof that the diamond must have crystallised from a 
dense liquid. 

When raised the diamond is in a state of enormous strain, 
as I have already shown by means of polarised light. Some 
diamonds exhibit cavities which the same test proves to contain 
gas at considerable pressure. 

The ash left after burning a diamond invariably contains iron 
as its chief constituent ; and the most common colours of dia¬ 
monds, when not perfectly pellucid, show various shades of 
brown and yellow, from the palest “off colour” to almost 
black. These variations accord with the theory that the dia¬ 
mond has separated from molten iron, and also explains how it 
happens that stones from different mines, and even from dif¬ 
ferent parts of the same mine, differ from each other. Along 
with carbon, molten iron dissolves other bodies which possess 
tinctorial powers. One batch of iron might contain an impurity 
colouring the stones blue, another lot would tend towards the 
formation of pink stones, another of green, and so on. 
Traces of cobalt, nickel, chromium, and manganese—all 
metals present in the blue ground—might produce all these 
colours. 

An hypothesis, however, is of little value if it only elucidates 
one half of a problem. Let us see how far we can follow out 
the ferric hypothesis to explain the volcanic pipes. In the first 
place we must remember these so-called volcanic vents are 
admittedly not filled with the eruptive rocks, scoriaceous frag¬ 
ments, &c., constituting the ordinary contents of volcanic ducts. 
At Kimberley the pipes are filled with a geological plum-pud¬ 
ding of heterogeneous character—agreeing, however, in one 
particular. The appearance of shale and fragments of other 
rocks shows that the melange has suffered no great heat in its 
present condition, and that it has been erupted from great 
depths by the agency of water vapour or some similar gas. 
How is this to be accounted for ? 

It must be borne in mind I start with the reasonable supposi¬ 
tion that at a sufficient depth 1 there were masses of molten iron 
at great pressure and high temperature, holding carbon in 
solution, ready to crystallise out on cooling. In illustration I may 
cite the masses of erupted iron in Greenland. Far back in time the 
cooling from above caused cracks in superjacent strata through 
which water 2 found its way. Before reaching the iron the water 
would be converted into gas, and this gas would rapidly dis¬ 
integrate and erode the channels through which it passed, 
grooving a passage more and more vertical in the endeavour 
to find the quickest vent to the surface. But steam in the 
presence of molten or even red-hot iron rapidly attacks it, 
oxidises the metal and liberates large volumes of hydrogen gas, 
together with less quantities of hydrocarbons 3 of all kinds— 
liquid, gaseous, and solid. Erosion commenced by steam 
would be continued by the other gases, and it would be no 
difficult task for pipes, large as any found in South Africa, to 
be scored out in this manner. Sir Andrew Noble has shown 
that when the screw-stopper of his steel cylinders in which 
gunpowder explodes under pressure is not absolutely perfect, 

1 The requisite pressure of fifteen tons on the square inch would exist not 
many miles beneath the surface of the earth. _ 

2 There are abundant signs that a considerable portion of this part of 
Africa was once under water, and a fresh-water shell has been found in 
apparently undisturbed blue ground at Kimberley. 

a The water sunk in wells close to the Kimberley mine is sometimes 
impregnated with paraffin, and Sir H. Roscoe extracted a solid hydro¬ 
carbon from the “blue ground.” 
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gas finds its way out with a rush so overpowering as to score a 
wide channel in the metal; some of these stoppers and vents 
are on the table. To illustrate my argument Sir Andrew 
Noble has been kind enough to try a special experiment. 
Through a cylinder of granite is drilled a hole 0*2 inch 
diameter, the size of a small vent. This is made the stopper 
of an explosion chamber, in which a quantity of cordite is fired, 
the gases escaping through the granite vent. The pressure is 
about 1500 atmospheres, and the whole time of escape is less 
than half a second. Notice the erosion produced by the 
escaping gases and by the heat of friction, which have scored 
out a channel over half an inch diameter and melted the granite 
along their course. If steel and granite are thus vulnerable at 
comparatively moderate gaseous pressure, is it not easy to 
imagine the destructive upburst of hydrogen and water-gas 
grooving for itself a channel in the diabase and quartzite, tear¬ 
ing fragments from resisting rocks, covering the country with 
debris, and finally, at'the subsidence of the great rush, filling 
the self-made pipe with a water-borne magma in which rocks, 
minerals, iron oxide, shale, petroleum, and diamonds are 
churned together in a veritable witch’s cauldron ! As the heat 
abated the water vapour would gradually give place to hot 
water, which forced through the magma would change some of 
the mineral fragments into the now existing forms. 

Each outbreak would form a dome-shaped hill, but the 
eroding agency of water and ice would plane these eminences 
until all traces of the original pipes were lost. 

Actions, such as I have described, need not have taken place 
simultaneously. As there must have been many molten masses 
of iron with variable contents of carbon, different kinds of 
colouring matter, solidifying with varying degrees of rapidity, 
and coming in contact with water at intervals throughout long 
periods of geological time—so must there have been many out¬ 
bursts and upheavals, giving rise to pipes containing diamonds. 
And these diamonds, by sparseness of distribution, crystalline 
character, difference of tint, purity of colour, varying hardness, 
brittleness, and state of tension, would have impressed upon 
them, engraved by natural forces, the story of their origin—a 
story which future generations of scientific men may be able to 
interpret with greater precision than we can to-day. 

Who knows but that at unknown depths in the earth’s 
metallic core beneath the present pipes there are still masses 
of iron not yet disintegrated and oxidised by aqueous vapour 
—masses containing diamonds, unbroken, and in greater pro¬ 
fusion than they exist in the present blue ground, inasmuch 
as they are enclosed in the matrix itself, undiluted by the 
numerous rock constituents which compose the bulk of the 
blue ground. If this be the case a careful magnetic survey of 
the country around Kimberley might prove of immense interest, 
scientific and practical. Observations, at carefully selected 
stations, of the three magnetic elements—the horizontal com¬ 
ponent of direction, the vertical component of direction, and 
the magnetic intensity—would soon show whether any large 
masses of iron exist within a certain distance of the surface. It 
has been calculated that a mass of iron 500 feet in diameter 
could be detected were it ten miles below the surface. A 
magnetic survey might also reveal other valuable diamantiferous 
pipes, which owing to the absence of surface indications would 
otherwise remain hidden. 

Meteoric Diamonds. 

There is another diamond theory which appeals to the fancy. 
It is said that the diamond is a direct gift from heaven, con¬ 
veyed to earth in meteoric showers. The suggestion, I believe, 
was first broached by A. Meydenbauer (Chemical News, vol. 
Ixi. p. 209, 1890), who says :—“The diamond can only be of 
cosmic origin, having fallen as a meteorite at later periods of 
the earth’s formation. The available localities of the diamond 
contain the residues of not very compact meteoric masses which 
may, perhaps, have fallen in historic ages, and which have 
penetrated more or less deeply, according to the more or less 
resistant character of the surface where they fell. Their remains 
are crumbling away on exposure to the air and sun, and the 
rain has long ago washed away all prominent masses. The 
enclosed diamonds have remained scattered in the river beds, 
while the fine light matrix has been swept away.” 

According to this hypothesis, the so-called volcanic pipes are 
simply holes bored in the solid earth by the impact of monstrous 
meteors—the larger masses baring the holes, while the smaller 
masses, disintegrating in their fall, distributed diamonds broad- 
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cast. Bizarre as such a theory may appear, I am bound to say 
there are many circumstances which show that the notion of the 
heavens raining diamonds is not impossible. 

In 1846 a meteorite fell in Hungary (the “ Ava meteorite ”) 
which was found to contain graphite in the cubic crystalline 
system. G. Rose thought this cubic graphite was produced by 
the transformation of a diamond. Long after this prediction 
was verified by Weinschenk, who found transparent crystals in 
the Ava meteorite. Mr. Fletcher has found in two meteoric 
irons—-one from Youndegin, East Australia, and one from 
Crosby’s Creek, United States—crystals absolutely similar to 
those in the Ava meteorite. 

In 1886 a meteorite falling in Russia contained, besides other 
constituents, about 1 per cent, of carbon in light grey grains, 
having the hardness of diamond, and burning in oxygen to 
carbonic acid. 

Daubree says the resemblance is manifest between the 
diamantiferous earth of South Africa and the Ava meteorite, of 
which the stony substance consists almost entirely of peridot. 
Peridot being the inseparable companion of meteoric iron, the 
presence of diamonds in the meteorites of Ava, of Youndegin, 
and of Crosby’s Creek, bring them close to the terrestrial 
diamantiferous rocks. 

Hudleston maintains that the bronzite of the Kimberley blue 
ground is in a condition much resembling the bronzite grains ot 
meteorites; whilst Maskelyne says that the bronzite crystals of 
Dutoitspan resemble closely those of the bronzite of the meteor 
of Breitenbach, but are less rich in crystallographic planes. 

But the most striking confirmation of the meteoric theory 
comes from Arizona. Here, on a broad open plain, over an 
area about five miles diameter, were scattered one or two 



Fig. 6 .—Diamond from the Canyon Diablo meteorite. 

thousand masses of metallic iron, the fragments varying in 
weight from half a ton to a fraction of an ounce. There is 
little doubt these masses formed part of a meteoric shower, 
although no record exists as to when the fall took place. 
Curiously enough, near the centre, where most of the meteorites 
have been found, is a crater with raised edges three-quarters of 
a mile in diameter and about 600 feet deep, bearing exactly the 
appearance which would be produced had a mighty mass of 
iron or falling star struck the ground, scattered in all directions, 
and buried itself deep under the surface. Altogether ten tons 
of this iron have already been collected, and specimens of the 
Canyon Diablo meteorite are in most collectors’ cabinets. 

An ardent mineralogist, the late Dr. Foote, in cutting a section 
of this meteorite, found the tools were injured by something 
vastly harder than metallic iron, and an emery-wheel used in 
grinding the iron had been ruined. He examined the specimen 
chemically, and soon after announced to the scientific world that 
the Canyon Diablo meteorite contained black and transparent 
diamonds. This startling discovery was afterwards verified by 
Profs. Friedel and Moissan, who found that the Canyon Diablo 
meteorite contained the three varieties of carbon—diamond 
(transparent and black), graphite, and amorphous carbon. Since 
this revelation, the search for diamonds in meteorites has 
occupied the attention of chemists all over the world. 

I am enabled to show you photographs of true diamonds 
I have myself extracted from pieces of the Canyon Diablo 
meteorite, five pounds of which I have dissolved in acids for 
this purpose—an act of vandalism in the cause of science for 


© 1897 Nature Publishing Group 







August 5, 1897] 


NA TURE 


33 i 


which I hope mineralogists will forgive me. A very fine slab of 
the meteorite, weighing about seven pounds, which has escaped 
the solvent, is on the table before you. 

Here, then, we have absolute proof of the truth of the 
meteoric theory. Under atmospheric influences the iron would 
rapidly oxidise and rust away, colouring the adjacent soil with 
red oxide of iron. The meteoric diamonds would be unaffected, 
and would be left on the surface of the soil to be found by ex¬ 
plorers when oxidation had removed the last proof of their 
celestial origin. That there are still lumps of iron left at Arizona 
is merely due to the extreme dryness of the climate and the com¬ 
paratively short time that the iron has been on our planet. We 
are here witnesses to the course of an event which may have 
happened in geologic times anywhere on the earth’s surface. 

Although in Arizona diamonds have fallen from above, con¬ 
founding all our usual notions, this descent of precious stones 
seems what is called a freak of nature rather than a normal 
occurrence. To the modern student of science there is no great 
difference between the composition of our earth and that of 
extra-terrestrial masses. The mineral peridot is a constant 
extra-terrestrial visitor, present in most meteorites. And yet no 
one doubts that peridot is also a true constituent of rocks formed 
on this earth. The spectroscope reveals that the elementary 
composition of the stars and the earth are pretty much the same ; 
so does the examination of meteorites. Indeed, not only are 
the self-same elements present in meteorites, but they are com¬ 
bined in the same way to form the same minerals as in the crust 
of the earth. 

This identity between terrestrial and extra-terrestrial rocks 
recalls the masses of nickeliferous iron of Ovifak. Accompanied 
with graphite, they form part of the colossal eruptions which 
have covered a portion of Greenland. They are so like 
meteorites that at first they were considered to be meteorites till 
their terrestrial origin was proved. They contain as much as 
1 *1 per cent, of free carbon. 

It is certain from observations I made at Kimberley, corro¬ 
borated by the experience gained in the laboratory, that iron at 
a high temperature and under great pressure will act as the 
long-sought solvent for carbon, and will allow it to crystallise 
out in the form of diamond—conditions existent at great depths 
below the surface of the earth. But it is also certain, from the 
evidence afforded by the Arizona and other meteorites, that 
similar conditions have likewise existed among bodies in space, 
and that a meteorite, freighted with its rich contents, on more 
than one occasion has fallen as a star from the sky. In short, 
in a physical sense, heaven is but another name for earth, or 
earth for heaven. 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Institution of Mechanical Engineers was founded in 
1847, and the present year is therefore its jubilee. As it 
came into existence as a Birmingham Society, and for the first 
thirty years of its career had its offices in that city, the removal 
to London being made in 1877, it was appropriate the jubilee 
meeting should be held there. 

The meeting commenced on Tuesday of last week, July 27, 
and was brought to a close on the following Friday. There 
were two sittings for the reading and discussion of papers held 
on the Tuesday and Wednesday mornings, the President, Mr. 
Mr. E. Windsor Richards, occupying the chair. There were 
five papers on the agenda, but time was only found for the 
reading of the following three :— 

.“Some points in cycle construction,” by F. J. Osmond, of 
Birmingham. 

“ The City of Birmingham Corporation Waterworks,” by 
Henry Davey, of London. 

“ Hi § h ' s Peed self-lubricating engines/’ by Mr. Alfred Morcom, 
of Birmingham. 

The President also read an address, in which he gave par¬ 
ticulars of the founding and early history of the Institution, 
together with short biographical notices of its past-presidents, 
from George Stephenson, who was the first, down to the present 
day. 

Mr. Osmond, in his paper, discussed a few of the points to be 
observed in designing a successful bicycle. The principal 
causes of inefficiency, he said, were want of rigidity and undue 
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friction. Of these two he considered the lormer the most 
important, and it is in this particular that cycles differ far more 
than in friction. The cause of loss is twofold. Firstly, the 
work done in springing the frame out of shape at each stroke of 
the foot is not spent in driving at the end of the down-stroke, 
but only in lifting the foot at the beginning of the up-stroke. 
Secondly, the springing of the frame causes a general condition 
of instability, due partly to the alteration of the balance through 
lateral movement of the pedals, and partly to the wheels being 
forced out of fine, thereby causing the machine to swerve from 
side to side instead of running a true course. Purchasers of 
bicycles would do well to remember these facts. The rage for 
lightness is so great, that the makers, who have to follow the 
fashion, often cut material down to a point where there is only 
just enough metal to support the rider’s weight under the varying 
conditions of running, the factor of safety being perilously small. 
As to rigidity, that is often abandoned altogether, or at 
any rate is only considered so far as it does not add 
to weight. Considering that the average purchaser only 
tests the machine by spinning the wheels and pedals 
to see if they run easily, one cannot wonder at this abandon¬ 
ment of a vital principle by the maker ; but perhaps after 
the warning of Mr. Osmond, himself a noted manufacturer ol 
cycles, sounder principles may prevail. In well-constructed 
machines friction is mainly due to the chain, and it is said that 
no more than 1 per cent, of the total power exerted by the rider 
has been lost. Even allowing a much higher factor than this, 
and doubtless it is too small, it will be seen to what perfection 
ball bearings have enabled the cycle maker to produce his 
machines. Mr. Osmond thinks that a mechanical efficiency of 
95 per cent, would be nearer the truth, and this would be some¬ 
what lower than the best record with which we are acquainted 
for the steam engine. The factor of safety for the bicycle 
frame is about 1 J, and if this is to be taken as including the 
ordinary conditions of riding, Mr. Osmond considers it true ; 
but he states that a well, built frame will carry at least ten times 
its natural load without injury. The difference is due to the 
fact that the front part of the frame is exposed to shocks which 
must cause bending stresses near the head. If the two front 
tubes are arranged so that their axes intersect vertically above 
the axle of the front wheel, the stresses are only pure tension and 
compression so long as the force acting through the front axle 
is purely vertical. Such conditions are naturally not present 
when the wheel meets an obstacle, and bending stresses 
are therefore introduced. Other details of construction 
were discussed in the paper, and were illustrated by numerous 
wall diagrams. The discussion on this paper was confined 
to the suggestion by one speaker, Mr. Sharp, of Birmingham, 
that the weakening effect of brazing together the members of 
frames might be overcome by making a mechanical joint 
in which a hollow plug of suitable formation should be in¬ 
serted in the ends of two tubes to be connected, the plug being 
corrugated on the outside, the idea being that the tube ends of 
the tubes containing the plug should be pressed into the corru¬ 
gations. The joint would seem difficult to make, and one would 
fear that even if tightly made in the first instance it would be 
likely to work loose in time ; but we are assured by the inventor 
that the device has given most promising results in actual prac¬ 
tice. If these promises can be confirmed, the invention is of 
considerable value, as the brazing of steel undoubtedly causes 
deterioration of the metal. 

Mr. Davey’s paper gave an historical and general account of 
the Birmingham water works, together with cost of pumping, 
&c. This contribution led to practically no discussion. 

Mr. Alfred Morcom’s paper was far the most important of the 
three, and indeed was an excellent example of what a contribu¬ 
tion to the proceedings of this Institution should be. The author 
is managing director of the firm of G. E. Belbis and Company, 
who have for some time past devoted their resources largely to 
, the construction of what are generally known as high-speed 
| engines, for which of late there has been a large demand owing 
j to the spread of electric generation for lighting and power pur- 
! poses. The engines of this firm differ from those largely manu- 
I factured for like purposes in the fact that the cylinders are 
double-acting, steam being taken on both sides of the piston. 

! For very high speeds of rotation it has .been often said to be 
I necessary, in order to give smooth running, that there should be 
no reversal of stress on the working parts; steam, therefore, 
has generally been admitted only above the piston, so that the 
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